Raman scattering measurements indicate that cis-bridged chains are retained in AuF3 even at a compression of 45 GPa -in contrast to meta-GGA calculations suggesting that structures with such motifs are thermodynamically unstable above 4 GPa. This metastability implies that novel gold fluorides (e.g. AuF2) might be attainable at lower pressures than previously proposed.
pairs of Au-F bonds (bridging: Rb = 2.00 Å, terminal: Rt = 1.88 Å) there are two equivalent inter-chain Au···F contacts (Rinter = 2.76 Å). The square planar coordination of Au 3+ (d 8 electron count) leads to diamagnetic properties of AuF3; the orange colour of this compound indicates presence of an electronic band gap between 2.5 and 2.9 eV. Fig. 1 The ambient-pressure P6122 structure of AuF3 (a) together with the high-pressure P61 polymorph (b). Gold/red balls mark Au/F atoms. Grey lobes mark differences in secondary Au···F contacts (depicted with dashed blue lines)
The non-centrosymmetric P6122 structure exhibits 28 Raman-active modes (5A1 + 12E2 + 11E1). By comparing the ambient-pressure Raman spectrum with frequencies and intensities of Raman bands simulated with DFT (Supplementary Information, SI, Table S1 and Fig. S1 ) we were able to assign all of the 15 bands observed in experiment (3A1 + 5E2 + 7E1). The high frequency modes can be identified as Au-F stretches: terminal (Au-Ft) above 600 cm -1 and bridging (Au-Fb) between 430 and 550 cm -1 .
Upon compression several changes in the Raman spectrum can be observed starting from 1.5 GPa (Fig.   2 ). These include softening of the stretching modes, with the exception of the two lowest ones (E2 and A). Moreover new bands appear and gain in intensity upon compression, in particular one Au-Ft and one Au-Fb stretching mode (SI, Fig. S2 ). These changes mark a transition from P6122 to a related structure of P61 symmetry (vide infra). This notion is supported by an excellent agreement between the band positions simulated for this structure and those observed experimentally (Fig. 2 ). This agreement allows us to assign all of the 21 bands observed experimentally (the P61 structure exhibits a total of 34 Raman-active modes: 11A + 12E2 + 11E1). Good agreement between experiment and theory is also found when comparing the intensities of Raman bands (SI, Fig. S3 ). Our measurements do not reveal any other phase transitions up to 45 GPa. . Lines mark frequencies simulated for the P6122 structure (below 1.5 GPa) and for the P61 structure (above 1.5
GPa) with the SCAN functional (blue/red lines mark modes of A/E symmetry, symmetry labels are given for the P61 structure). Theoretical frequencies were scaled only for the six highest frequency modes (by +1 % and +3 % as indicated).
Calculations indicate that the P6122 → P61 transition should occur at 1 GPa ( Fig. 3a ), further supporting our assignment of the experimental data. This transition is of second order and is driven by the softening of an A2 mode of the P6122 structure (calculations indicate that this mode should become imaginary at 1 GPa). The P61 polymorph retains the cis-bridge chains present in P6122, but with a different secondary Au(III) coordination -due to bending within the chains one of the Au···F interchain contacts is replaced by an intra-chain contact (Fig 1b) . Interestingly, P61 exhibits negative linear compressibility of the c cell vector up to approximately 23 GPa (Fig. 3b ). Calculations indicate also that one of the terminal and one of the bridging Au-F bonds lengthen upon initial compression ( Fig.   3c ). This behaviour explains the softening of the Au-F stretching modes observed in the Raman scattering experiment. It is noteworthy to point that the P61 structure was not reported in previous theoretical studies. In the work of Lin et al. the P6122 polymorph was predicted to transform into a P-1 structure containing Au2F6 dimers (denoted P-1(α)). 19 A more recent study proposed that P6122 should transform into a BrF3-type structure 25 (Cmc21 symmetry) at 6 GPa with a subsequent transition into P-1(α) at 25 GPa. 20 In order to elucidate the structure preferences of compressed AuF3 we performed extensive evolutionary algorithm searches for the lowest-enthalpy structures of this compound. We identified two novel structures of C2/c symmetry (C2/c(α) with Z = 4 and C2/c(β) with Z = 8). In contrast to the previously studied structures these polymorphs contain trans-linked AuF3 chains (SI, Fig. S4 ).
Comparison of the enthalpy of various AuF3 phases ( Fig. 3a ) reveals a rich phase diagram up to 100 GPa:
The above phase transition sequence indicates that structures built from cis-chains (P6122, P61, Cmc21)
are only stable at low pressure (p < 4 GPa). At moderate pressures (4 to 60 GPa) polymorphs exhibiting trans-chains (C2/c(α), C2/c(β)) are thermodynamically most stable. Finally above 60 GPa a polymorph containing Au2F6 dimers (analogous to Au2Cl6 units found in AuCl3) 26 becomes the ground state structure of AuF3. Interestingly, despite large changes in the bond connectivity the transition from trans-chain C2/c(β) to dimeric P-1(α) is associated with a volume decrease below 1 % ( Fig. 4a ). We also note that in all of the high-pressure phases gold retains its square coordination with Au-F bonds not exceeding 2 Å (additional Au···F contacts are at least 15 % longer). As a result AuF3 should remain diamagnetic even at 100 GPa. Despite a pressure-induced decrease of the electronic band gap observed for all of the high-pressure phases ( Fig. 4b ), this compound should also retain its insulating properties at this pressure. Calculations hint that the P61 phase has only a narrow window of thermodynamic stability (1 -2.6
GPa). The fact that experimentally it is observed up to 45 GPa must be attributed to its metastability.
This resembles the situation found in other fluorides(e.g. ZnF2, MgF2) 27, 28 where metastable structures are formed at large compression. While the P6122 → P61 transition is driven by a phonon instability and hence does not require any activation energy, a considerable energetic barrier is expected for the transition of P61 into C2/c(α) due to large energetic difference between cis and trans chain arrangements. 29 The P61 → C2/c(α) phase transition might be observed at high temperatures and
pressures, however such conditions might induce reactions between AuF3 and the diamond/gasket of the DAC.
The observed metastability of AuF3 has important implication for the possibility of obtaining novel fluorides of gold at large compression. As shown in Fig. 4c the persistence of AuF3 in the high-enthalpy
P61 structure results in a lowering of the pressure required for the stabilization of AuF2 by over 9 GPa.
The findings of this study, in particular the possibility of obtaining metastable polymorphs at high pressure can prove important in other field of the high-pressure chemistry of gold, for example the Au-O binary phases. [30] [31] [32] The authors acknowledge the support from the Polish National Science Centre (NCN) within grant no. High-pressure experiments: A total of six high-pressure runs were conducted with the use of a diamond anvil cell (DAC) equipped with low-fluorescence Ia diamonds with a 500 µm culet (bevelled from 600 µm) and a stainless-steel gasket pre-indented to a thickness of 35 µm. The gasket hole with a radius of 120 µm was laser-drilled. The hole was filled in an Ar-atmosphere glovebox by powdered gold trifluoride synthesized as described below. The pressure inside the cell was determined from the shift of the R1 ruby fluorescence line. 34 In those cases when the signal from ruby could not be acquired the pressure was determined from the shift of the first-order Raman peak of the diamond anvil tip. 35 AuF3 decomposition or possible reaction with the diamonds, ruby, and gasket were ruled out by performing Raman mapping (2D scans) of the entire sample at selected pressures.
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Synthesis of AuF3
: Gold(III) fluoride was prepared by fluorination of AuCl3 with elemental fluorine in anhydrous hydrogen fluoride. In a typical reaction, 2 g of AuCl3 was weighed into reaction vessel (V = 35 ml) inside a dry-box. Anhydrous HF (7 ml) was condensed onto the reaction mixture at 77 K and the reaction vessel was warmed to ambient temperature. Elemental fluorine was slowly added to the reaction vessel until the pressure of 4 bar was attained. The reaction mixture was allowed to stir at ambient temperature. After one day, the volatiles were partially pumped away until the pressure in the reaction vessel was equal to that of vapour pressure of liquid HF at ambient temperature. After the reaction mixture was warmed to ambient temperature again, the new portion of fluorine was added again . The whole procedure has been repeated two more times. With the last portion of fluorine, which was already in an excess, the reaction mixture was left for four days.
DFT calculations: Periodic DFT calculations of the geometry and enthalpy of various polymorphs of
AuF3 up to 100 GPa utilized the SCAN meta-GGA functional. 36 We found it to reproduce very well the geometry and vibrational frequencies of the ambient-pressure structure (P6122 symmetry) 24 of AuF3 (see Table S1 ). The projector-augmented-wave (PAW) method was used in the calculations, 37 as implemented in the VASP 5.4 code. 38, 39 The cut-off energy of the plane waves was set to 800 eV with a self-consistent-field convergence criterion of 10 −6 eV. Valence electrons (Au: 5d 10 , 6s 1 ; F: 2s 2 , 2p 5 ) were treated explicitly, while standard VASP pseudopotentials, accounting for scalar relativistic effects were used for the description of core electrons. The k-point mesh spacing was set to 2π × 0.04 Å −1 . All structures were optimized until the forces acting on the atoms were smaller than 5 meV/Å. Evolutionary algorithm searches were performed in order to identify candidates for high-pressure phases of AuF3. For this we used the XtalOpt software (version r12) 40 coupled with periodic DFT calculations utilizing the PBE functional. 41 These searches were conducted at 10/40/80 GPa for Z = 2, 4, and 6. Thermodynamic stability of various AuF3 polymorphs was judged by comparing their enthalpy (H), and thus the calculations formally correspond to T = 0K at which the Gibbs free energy (G = H -S·T, where S is the entropy) is equal to H.
Calculations of Γ-point vibration frequencies were conducted in VASP 5.4 utilizing the SCAN functional. The finite-displacement method was used with a 0.007 Å displacement, and a tighter SCF convergence criterion (10 -8 eV). In case of the P61 and P6122 structures we additionally calculated the intensity of Raman-active modes using density-functional perturbation theory (DFPT), 42 as implemented in the CASTEP code (academic release version 19.11). 43 In these calculations the LDA approximation was used together with norm-conserving pseudopotentials (cut-off energy 940 eV). The calculations yielded the Raman activity of each vibrational mode (Si) from which the relative intensity could be estimated assuming that the intensity of the Raman band is proportional to the following factor 44 :
where ν0 is the laser frequency, νi is the mode frequency, T is the temperature.
For calculations of the electronic band gap (Eg) of the most stable structure of AuF3 we employed the Heyd-Scuseria-Ernzerhof (HSE06) functional, 45 which is a hybrid functional mixing the GGA functional of Perdew et al., 41 with 25% of the Hartree-Fock exchange energy. Calculations were performed for the SCAN-relaxed structures.
Visualization of all structures was performed with the VESTA software package. 46 For symmetry recognition we used the FINDSYM program. 47 Input geometries for CATEP calculations were generated with CIF2Cell. 48 Group theory analysis of the vibrational modes was performed with the use of the Bilbao Crystallographic Server. 49 Tables   Table S 1 Comparison of the experimental geometry and frequencies of the Raman-active vibrational modes of the ambient pressure structure of AuF3 (space group P6122) with data obtained from calculations utilizing the SCAN functional. Cell vectors and Au-F distances are in Å, volume in Å 3 , frequencies in cm -1 . E1  103  105  E2  131  E1  164  165  164  E2  164  A1  181  183  182  E1  183  E2  212  213  E1  231  E2  233  A1  237  E2  241  E1  247  254  254  E2  430  440  436  E1  446  A1  453  451  E1  520  531  E2  520  541  540  E1  619  623  622  E2  621  A1  624  631  631  E2  636  645  644  E1 647 657 655 Fig. S 1 Comparison of the experimental Raman spectrum of AuF3 at 1 atm (black lines) with Raman intensities simulated for the P6122 structure with LDA (red bars). Labels denote symmetry of each mode.
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Fig. S 2
Evolution of the Raman spectrum of powdered AuF3 from ambient pressure to 8.1 GPa (spectra are offset for clarity). Green lines denote spectra corresponding to the P6122 structure, black to the P61 polymorph. The bands originating from the latter structure which are gaining in intensity upon compression are marked with their symmetry. 
Crystal structure of the novel high-pressure polymorphs of AuF3
Structures optimized with SCAN and given below in VASP format. 
